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Most elderly people visit otologic clinics with
different degrees of hearing problems. These pro-
blems necessitate further evaluation due to the
following reasons: to observe the progression of
hearing loss, to provide early intervention with
hearing aids, and, not infrequently, to provide cer-
tification for different types of financial support.
yThe evaluation of a hearing handicap is usuall
ybased on the results of pure-tone audiometr
 (PTA) and speech audiometry. In the studies
of measurements of hearing deficits, PTA has
been more widely used than speech audiometry.
Although PTA is the standard assessment of hear-
ing status, its reliability is sometimes poor in the
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These results demonstrated that the Mandarin SRT is strongly associated with PTTs at the frequencies of
500 Hz and 1000 Hz.
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elderly due to poor attention, delayed response,
interference from tinnitus and other neurophysi-
ologic problems. Exaggerations regarding hearing
loss are not uncommon in claims for handicap
certificates. Therefore, accurate evaluation of hear-
ing problems in the geriatric population becomes
difficult by PTA and remains a great challenge to
many otologists and audiologists.
Several studies have investigated the relation-
ship between pure-tone thresholds (PTTs) and
speech reception thresholds (SRTs).1–3 Most of
these studies have, however, been performed on
nonselected populations, instead of focusing on
aged people, the major population with hearing
problems. Furthermore, the test materials for
SRT used in these studies were all English spondaic
words, and clinical data using Mandarin spondaic
words are lacking.
This prospective study was designed to assess
the relationship between Mandarin SRTs and PTTs
in the elderly. The purpose of this study was to
delineate the SRT frequencies which best correlate
with PTTs and, thus, to develop SRT as a check on
the consistency of PTT measurement. This infor-
mation was used to corroborate the hearing
thresholds obtained by PTA in the difficult-to-test
geriatric population, and to allow predictions of
speech intelligibility to be made. 
Methods
From June to August 1999, 46 subjects over 60
years old (mean, 81.0 years; range, 61–87 years)
were consecutively enrolled in this prospective
study. All subjects were native Mandarin speak-
ers, and all underwent hearing threshold evalua-
tion including PTA and SRT in both ears. The
data were collected from one ear randomly se-
lected from each subject. The pure-tone audio-
grams were reliable and showed no asymmetrical
hearing loss in any of the subjects. Retrocochlear
and middle ear pathology was excluded by his-
tory taking and physical examinations. The inclu-
sion criteria were as follows: (1) normal otoscopic
findings; (2) normal tympanogram; (3) air–bone
threshold difference less than 10 dB at all fre-
quencies; (4) no history of chronic otitis media
or otologic surgery.
PTA was performed in a soundproof room
with a conventional clinical audiometer (GSI®61;
Grason-Stadler Inc., Milford, NH, USA). SRT data
were obtained in the same facility using a Grason-
Stadler diagnostic speech audiometer, with TDH-
50P earphones mounted in Model 51 cushions.
TTwo experienced audiologists measured PT
and SRT blindly and separately. Using standard
 clinical procedures, PTT was measured at the
frequencies of 250, 500, 1000, 2000, 4000 and
8000 Hz.
In order to ensure the reliability of PTT data,
ta separate threshold was measured for every tes
frequency for both ears, and for both air and bone
conductions. The threshold search procedure was
therefore carried out many times for each sub-
tject. Furthermore, as some elderly subjects migh
be confused by tinnitus if their ear noises are sim-
ilar to the test tones, we ensured that every sub-
ject fully understood the instructions or learned
 the proper mode of response before each test.
 As a result, the occurrence of a false-positive
or -negative response could be reduced.
Test stimuli for speech reception were spon-
dees, which are two-syllable words with equal
emphasis on both syllables. The spondees used
in the tests were randomly selected from a
Mandarin spondaic word list, which was devel-
oped in our previous study on materials for the
determination of SRT.4 These words were spoken
by the audiologist and live voice testing was per-
formed. Thresholds were obtained following the
ASHA’s Guidelines for Determining the Threshold
Level for Speech.5 A descending approach was em-
ployed. The initial testing phase began 30–40 dB
above the estimated SRT. One word per level
was presented in decreasing 10 dB steps until the
patient missed a word, at which point a second
yword was presented. This descending strateg
was continued until the patient missed two con-
gsecutive words at the same level. The startin
level for the main SRT determination was 10 dB
higher than the level where the two words were
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missed. Having arrived at a starting level, up to
six spondees at a time were given at each level.
The intensity was decreased in 5 dB steps to find
the SRT. The SRT was defined as the lowest hear-
ing level at which a patient could repeat 50% of
spondee words correctly.
Test results for 46 ears were collected. SRTs as
well as PTTs at 250, 500, 1000, 2000, 4000 and
8000 Hz (T250, T500, T1000, T2000, T4000 and
T8000) for each subject were measured. Using
simple linear and multiple regressions, the corre-
lation and linear regression coefficients between
SRTs and PTTs at various frequencies were calcu-
lated. Statistical significance of each variable was
set at a p value less than 0.05. The statistical
analyses were performed using SPSS version 12.0
(SPSS Inc., Chicago, IL, USA).
Results
SRTs and PTTs
The SRT ranged from 15 to 80 dB HL. The means
and standard deviations of SRT and PTTs are listed
in Table 1.
Simple linear regression and Pearson
correlation coefficient
The correlations between SRT and PTTs at vari-
ous frequencies were calculated. Simple regression
analysis showed significant positive correlations
between SRT and PTTs, with Pearson correlation
coefficient r ranging from 0.554 to 0.949. With a
two-tailed test and a sample of 46, the correlation
was significant at the 0.01 level at each of the six
frequencies measured. The Pearson correlation
coefficient was highest at 1000 Hz (r = 0.949) and
500 Hz (r=0.922), followed by 250 Hz (r = 0.850)
and 2000Hz (r=0.792). All correlations are addi-
tionally illustrated by bivariate scatter plots as
shown in the Figure.
Multiple linear regression
The next step of the statistical analysis explored
the correlation between SRT and PTTs at various
frequencies. A multiple regression model was used
to analyze the effects of PTTs on SRT, with the
effect of PTT at each frequency adjusted for the
effects of PTTs at the other frequencies. In this
tmultiple regression model, SRT was a dependen
variable and PTTs at each frequency (T250, T500,
rT1000, T2000, T4000, T8000) were predicto
variables.
The resultant multiple regression model was:
SRT=5.043+0.141 (T250)+0.279 (T500)+0.446
(T1000) + 0.155 (T2000) − 0.065 (T4000) − 0.021
(T8000).
The multiple correlation coefficient R was
0.967, and the coefficient of determination R2 was
0.936; thus, at this point the regression account-
ed for 93.6% of the total variation in SRT.
The predictor variables with statistical signifi-
rcance are presented in Table 2. The standardized o
beta coefficient reflects the weight associated with
standardized scores on the variables. It is a mea-
tsure of the relationship between an independen
and a dependent variable with the influence of the
other independent variables held constant. In this
model, two of the six predictors contributed sig-
nificantly to the variance in SRT: T500 (p = 0.029)
and T1000 (p = 0.000). This result demonstrated
that PTTs at the frequencies of 500 and 1000 Hz
were each strongly associated with SRT after con-
trolling for PTTs at every other frequency.
Table 1. Means and standard deviations (SD) of speech reception threshold (SRT) and pure-tone thresholds
(PTTs) in dB HL at various frequencies
Frequency of PTT (Hz)
SRT
250 500 1000 2000 4000 8000
Mean 39.89 34.24 34.13 41.41 50.76 63.04 82.17
SD 16.78 17.67 18.27 18.19 18.01 18.12 21.67
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The results of the simple and multiple regres-
sion analyses showed a strong association between
Mandarin SRT and PTTs at the frequencies of
500 Hz and 1000 Hz in the geriatric population.
Discussion
Hearing loss is one of the most prevalent pro-
blems in the elderly. Many aged patients visit oto-
logic clinics for investigation of hearing threshold
and certificates of hearing impairment. The most
tcommonly used means of hearing assessmen
still involves measures based on the pure-tone
gair-conduction thresholds. To predict hearin
impairment in the form of speech comprehen-
sion, various subsets of PTT are commonly used.1
Different combinations of tones have been offi-
cially adopted by various governments and pri-
gvate organizations for the purpose of reportin
hearing ability.6,7 fOne widely used example o
such a combination is the American Medical
Association formula, which is the average of the
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Figure. Bivariate scatter plots for T250, T500, T1000, T2000, T4000, T8000 and SRT data. Txxx = pure-tone threshold
(dB HL) at xxxHz frequency; SRT = speech reception threshold (dB HL).
Table 2. Multiple regression analysis of the relationship between speech reception threshold (SRT) and
pure-tone thresholds (PTTs) at various frequencies
Model B SE β t p*
(Constant) 5.043 2.880 — 1.751 0.088
T500 0.279 0.123 0.304 2.270 0.029
T1000 0.446 0.115 0.483 3.884 0.000
*Significance set at 0.05 level. B = unstandardized regression coefficient; SE = standard error; β = standardized regression coefficient.
Note: SRT as a dependent variable and PTTs at each frequency as predictor variables. Txxx = pure-tone threshold (dB HL) at xxxHz 
frequency.
formula has recently been adopted to define hear-
ing impairment in Taiwan.
In the elderly, the reliability of PTA is poorer
than that in young adults. The variables affecting
sensitivity of PTTs include subjective considera-
tions such as poor attention, delayed response,
interference from tinnitus, deteriorated intelli-
gence and personal motivations. The motivations
in this population usually include applying for
certificates of hearing impairment to obtain fi-
nancial support from the government. Therefore,
exaggerations about the extent of hearing loss
may occur in the claims for hearing handicap.
Care must be taken in the accurate quantifica-
tion of hearing loss in the geriatric population,
not only to screen for exaggerations made for the
purposes of financial claims, but also for early
intervention in cases of nonexaggerated hearing
loss, by which the magnitude of functional dis-
ability can be reduced.
SRT may be defined generally as the lowest
level at which a subject correctly identifies 50%
of a list of speech material, such as specified spon-
daic words. SRT not only quantifies one’s ability
to hear speech, but also serves as a baseline for
speech discrimination test. It is used in aural re-
habilitation and particularly in hearing aid eval-
uations, and is an important reliability check for
the pure-tone audiogram. The test is not time-
consuming from a clinical standpoint and has
proved to be an efficient estimate of the hearing
handicapped individual’s loss of sensitivity for a
conversational message.8
It is generally assumed that an SRT–PTT differ-
ence exceeding 6 dB is an indication that there is
inaccuracy within one of these two measures;9–11
however, in particular circumstances, a large dif-
ference between SRT and PTT is to be expected.
For instance, in cases of pseudohypacusis or steep
hearing loss starting at 1000 or 2000 kHz, the
difference between SRT and PTT may be greater
than 6–7 dB.2,12 Agreement between SRT and PTT
has been considered to be an important indica-
tor of the accuracy of PTT measurement.13
Previous studies of the relationship between
SRT and PTT1–3 used English spondaic words and
the populations studied were not confined to the
telderly. To date, there are no standardized tes
materials in national and international audiol-
ogy literature for measuring SRT in Mandarin.
Therefore, we used 18 Mandarin spondaic words
as test materials for SRT in this study, which we
had developed in our previous research.4
In the first step of the statistical analysis, sim-
ple regression analysis was employed to determine
Pearson correlation coefficients. The correlation
coefficient r tprovides a mathematical assessmen
of the relationship that exists between two vari-
ables. The simple regression analysis along with
the corresponding scatter plots shown in the
Figure indicates that reasonable linear fits can be
obtained by regressing SRT against PTTs at each
frequency separately. The results showed signifi-
cantly positive correlations between SRT and PTTs
at each frequency with various Pearson correlation
coefficients ranging from 0.554 to 0.949. There is
no universality of agreement among statisticians
regarding the strengths of relationships designated
by particular correlation coefficient r values. How-
ever, some rough guidelines exist14,15 that can be
used for making such judgments, including the
following: 0.00–0.25, little if any linear relation-
ship; 0.26–0.49, low linear relationship; 0.50–
0.69, moderate linear relationship; 0.70–0.89,
high linear relationship; 0.90–1.00, very high lin-
ear relationship. In this study, the results obtained
tfrom the simple regression analysis showed tha
Mandarin SRT correlated best with PTTs at 1000 Hz
(r = 0.949) and 500 Hz (r = y0.922), followed b
250 Hz (r = 0.850) and 2000 Hz (r = 0.792).
Although there was a very strong statistical
fsignificance of the correlation coefficient, each o
the PTTs individually explained only a propor-
tion of the total variability in SRT. We therefore
used multiple regression analysis to examine the
association between SRT and PTT at each fre-
quency, taking into account the association be-
tween SRT and PTTs at the other frequencies.
Multiple regression is possible when there is a
measurable multiple correlation between a group
of predictor variables and one dependent variable,
and is useful to achieve a better under fstanding o
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the relationship between them. The same method
has been previously employed in predicting
speech discrimination from audiometric thresh-
olds.16 The multiple correlation was used to de-
termine not only the significance of the overall
multiple correlation R, but also the significance
of each of the independent variables. In this
analysis, SRT was entered as a dependent vari-
able and PTTs at each frequency as independent
variables. The resultant coefficient of determina-
tion R2 was 0.936, which is larger than r2 of each
of the simple linear regressions calculated above,
and indicated that this multiple regression
model explains a larger proportion of the total
variation of SRT. The significance of individual
regression coefficients (Table 2) in this model
also showed that PTTs at the frequencies of
500 Hz and 1000 Hz contributed significantly to
the variance accounted for by the dependent
variable, i.e. SRT.
Statistical analysis showed that SRT was
strongly associated with PTTs at the frequencies
of 500 Hz and 1000 Hz, indicating a close rela-
tionship between SRT and PTTs in the low tone
area of speech frequencies. As a result, SRT serves
as a check on the consistency of the test results
and quantifies the amount of hearing loss that
exists for speech.
The reliability of PTA is poorer in the elderly
than in young adults, and, in general, it has been
observed that average performance on speech au-
diometric tests declines with age. Disproportion-
ately poor performance in the elderly has been
observed on measures of speech understanding in-
volving words, sentences and time-altered speech.17
The association of the speech-understanding tests
with PTT has been reported to be strong in young
subjects and with relatively easy test material.18
However, the type of test material as well as the
language may affect the associations with PTT.19
In this study, the SRT–PTT relationship held true
for the geriatric population, with the test materi-
als being Mandarin spondaic words. These find-
ings help us in the interpretation and adoption
of results from previous studies regarding the
agreement between PTT and SRT.
From a clinical viewpoint, the SRT–PTT rela-
tionship in the low tone area of speech frequen-
cies is useful to differentiate a true disability from
Aan exaggerated hearing loss or an inaccurate PT
fresult. For example, a subject passing the SRT o
T55 dB HL has a low probability of having a PT
higher than 55 dB HL in the 500–1000 Hz re-
gion. If the PTT at 500 Hz is higher than 55 +
6 dB HL, his audiogram may be invalid while an
yexaggeration of hearing loss should be highl
suspected.
In addition to using SRT as a tool to corrobo-
Trate PTT, it is of interest to predict accurate PT
by incorporating other threshold measurements.
Various alternatives are available for objective as-
csessment of auditory function, such as otoacousti
emission (OAE), auditory steady-state response
(ASSR) and auditory brain stem response (ABR).
tThese measurements provide information abou
different levels of the auditory pathway not di-
rectly available from behavioral measures. How-
ever, OAE is not suitable for predicting behavioral
gthresholds; ASSR also has the drawbacks of bein
trelatively expensive, time-consuming and no
universally available in medical facilities. In con-
trast, data from previous reports demonstrated the
best correlation between PTTs and ABR thres-
holds in the high frequency area. Using the sta-
rtistical methods employed in this study, furthe
investigation can be made to predict actual PTTs
from SRT and ABR thresholds in elderly patients,
yparticularly in circumstances when the reliabilit
of PTA is poor.
Conclusion
In this study, we established the relationship be-
tween Mandarin SRT and PTT in the low tone
area of speech frequencies in the geriatric popu-
lation. In the clinical setting, SRT test can be per-
formed rapidly and easily and is also inexpensive.
It has proved to be a vital indicator of the accu-
gracy of PTT measurement. Further study usin
the statistical methods of this study is needed to
Tdefine the equation to predict the actual PT
C.H. Chien, et al
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from SRT and ABR thresholds in the geriatric popu-
lation. Further efforts are also needed to establish
the extent of correspondence and differences
among these different threshold measurements.
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